In this communication we present a comparative investigation of the dielectric properties of native E. coli 70S and ribosomal cores obtained by LiCl treatment. Previous data obtained in our laboratory showed that ribosomes exhibit two different dielectric dispersions. We show that elimination of some select proteins modifies only the first one and therefore the overall dielectric properties of the ribosome result altered. Ribosomal RNA and proteins remaining in the core particle are mainly responsible for the second dielectric dispersion. Our experi mental approach allows an estimation of the size of RNA traits exposed to solvent both in native ribosomes and in core particles where a higher portion of rRNA interacts with the external environment. Furthermore our results are consistent with the idea that proteins remaining after high salt treatment are necessary and sufficient for the maintenance of the basic structural properties of the ribosome.
Introduction
Dielectric spectroscopy is a powerful tool that has been successfully used to evaluate the physical parameters characterizing many relevant biologi cal systems and macromolecules (Mandel, 1977 . We exploited this ap proach to investigate the fine structure and the biophysical properties of the ribosome of the bac terium E. coli. This supramolecular organelle was intensely studied during the last thirty years by means of other experimental strategies (Nomura et al., 1974; Chambliss et al., 1979; Nierhaus et al., 1993) . Measuring the dielectric properties of E. coli 70S ribosomes we demonstrated that they ex hibit two distinctive relaxations, the first in the kHz and the second in the MHz range, respec tively. Furthermore, the low frequency dispersion is strongly dependent on the ion charge of the solvent while the relaxation time of the higher fre quency process is rather constant in all experimen tal conditions (Bonincontro et al., 1991) . We have further extended our studies to the investigation of 30S and 50S subunits by fluorescence measure ments (Bonincontro et al., 1993) . The high fre quency dielectric dispersion previously reported (Bonincontro et al., 1991 ) is also present in suspen sions of separated subunits and the relaxation fre quency is limited within a few MHz. From these data we hypothesized that the ribosomal proteins play a significant role in the dielectric behavior of the whole particle . This hypothesis was corroborated by a recent work where isolated ribosomal proteins were studied (Bonincontro et al., 1997). To define the role of the proteins in the maintenance of the particle structure, we investigated the dielectric behavior of ribosomal particles deprived of a select subpo pulation of proteins. In this communication we dis cuss the effects of the elimination of a limited number of proteins on the overall dielectric prop erties of the ribosome. Treatment was continued for about 12 hrs at 4 °C under stirring. Core particles were recovered by centrifugation, resuspended in buffer A and dialyzed against the same buffer, divided in aliquots, frozen and kept at -8 0 °C. Prior to each measure ment, ribosome and core samples were dialyzed against measuring buffer (0.8 mM MgCl2, 3 mM KCl, 1 mM tris-HCl pH 7.5) and diluted to a final concentration of 7 mg/ml. This buffer was previoulsy adopted in both dielectric (Bonincontro etal., 1997) and thermographic measurements (Bonincontro et al., 1998) . This relatively low ion strength prevents ribosomal aggregation and al lows accurate permittivity measurements.
Materials and Methods

R ib o so m e preparation
Dielectric measurements
Permittivity ( e ' ) and dielectric loss ( b " ) were measured by means of a computer controlled Hewlett Packard impedance analyzer Mod. 4194A in the 0 .1 -1 0 0 MHz range. The measuring cell, previously described , is a section of a cylindrical waveguide which can be partially filled with the sample solution. The sys tem behaves as waveguide excited far beyond its cut-off frequency mode and therefore only the stray-field of the coaxial line-waveguide transition is used in the measurement. Cell constants were determined by an interpolation method based on measurements with electrolyte solutions of known conductivities similar to those of the samples un der test (Athey et al., 1982) . The errors on e' and e" are within 1%. The measuring cell was thermally controlled within 0.1 °C.
Results and Discussion
In Fig. 1A and B, we present two typical disper sion curves obtained at a measuring temperature of 25 °C on native 70S particles and on 2 m LiCl cores. The best fit was in both cases obtained con sidering two subsequent relaxation processes that are the sum of a Debye followed by a Cole-Cole relaxation characterized by the frequencies fi*, f2* and dielectric increments Ae1? Ae2 (Hasted, 1973) A critical analysis of the experimental data al lowed the choice of these best fit procedures. R e sults thus obtained, validate previous observations attributing the low frequency dispersion to the part of the RNA moiety exposed to the solvent Table I we summarize the parameters of the dielectric dis persions referred to all samples utilized in this study. Comparing native ribosomes to cores, it is evident that the removal of proteins has an effect mainly on the first relaxation at low frequency, while the second one is essentially unaffected. It is difficult to establish a correlation between salt concentration used in each treatment and dielec tric behavior of the particles. However, in the cores a shift of the relaxation to lower frequencies Table I . Relaxation frequencies (fi*, f2*) and dielectric increments (Aeb Ae2) of the two dispersions exhibited by native and LiCl treated ribosome samples. and an increase of dielectric increment are evi dent. This phenomenon is selfconsistent since the dispersion may be interpreted with the oscillating counterion model proposed by Mandel (1977) . A decrease of f!* and an increase of Aej imply an overall augmentation of the portions of ribo nucleic acid exposed to the solvent. This is obvi ously in agreement with the removal of proteins from the particle. Applying the Mandel model to calculate the average length of the portions of the RN A exposed in the native 70S, a value of about 86 nm is obtained. This is surprisingly similar to the maximum circumpherence of the ribosome grossly assumed as quasi spherical. This assump tion is plausible since the differences in value of the ribosomal axes, usually cited in the literature, appear to be not dramatic. In the cores the same calculation produces a value of the exposed RNA about 10% higher than the former one. Possibly, the assumed quasi spherical shape is no longer valid since a polar collapse might have occurred.
In any case, the internal structure of the RNA/ protein complex still remains as inferred from the stability of the high frequency dispersion that we have assigned essentially to this complex (Bonin contro et al., 1997). Results also give evidence that the proteins remaining in the core are sufficient for the maintenance of the structural integrity of the particle. As a m atter of fact core particles run on sucrose density gradients at low magnesium (0.3 mM in buffer A ) show that after LiCl treat ment they migrate as a homogeneous population but at lower sucrose density with respect to the homologous particles (not shown , 1979) . In the light of the results presented here, the abovementioned proteins are evidently not required for the maintenance of the structural features of what we would define "basic" ribosome. In conclusion we envisage that ribosomal proteins might be di vided into two subgroups; the first is necessary for the maintenance of the "basic" structural core of the ribosome while the second one is essentially involved in the performance of its biological func tions.
